Abstract-Reprogramming of human cells is a perspective direction of development of Cell Biology with the distant prospect of using these methods for cellular replacing therapy in clinical practice. One of the prob lems rising in this regard is low reprogramming efficiency and application of undesirable oncogenes in initial techniques. In this research, we had offered the alternative modified method of reprogramming human skin fibroblasts. It has been shown that the telomerase induction increases an exit of reprogrammed cells and allows excluding oncogene c Myc from a used set of genes.
Reprogramming of human somatic cells is one of the most challenging and progressing directions in modern Cell Biology. Using reprogramming tech nique scientists expect to get patient specific cells of different tissue types, which could be used in replacing cellular tissue therapy. Besides developed methods of obtaining patient specific pluripotent stem cells by somatic cell nuclear transfer (SCNT) into oocytes [1, 2] , as well as by fusion of somatic cells with embry onic stem cells (ESC) [3] , in 2006-2007 new approach to human cell reprogramming was devel oped: using lentiviral transfection of key pluripotency genes Oct4, Sox2, KLF4, c Myc (KMOS) it managed to collect reprogrammed cells later called induced pluripotent stem cells (IPS cells) [4, 5] . IPS cells were similar to ESC by many characteristics, including pro files of gene expression, morphology, pattern of DNA methylation, ability to give rise to all three germinal layers in vitro and formation of mature teratomas in immunodeficient mice.
One of the problems of this method is low efficacy of reprogramming. In early initial protocol of trans fection by four factors KMOS, only 0.01-0.1% of transfected cells were reprogrammed. Another evident problem of this reprogramming method is using onco gene c Myc within KMOS reprogramming set. Exog enous overexpression of this gene can result in expres sion of oncosuppressor genes, for example Cdkn1a, Cdkn2a, and p53, which are involved in different pathways of differentiation and proliferation suppres sion. Thus, use of this oncogene negatively influences the possibility of this application in the clinic, since probability of inserted genes activation with further malignant transformation of reprogrammed cells is not excluded [6] . It is indicative that in chimeric mice obtained from IPS cells without introduction of c Myc there were no tumors after birth, while approxi mately 15% of animals grown from IPS cells with c Myc exogene suffered from oncological diseases [7] .
At the same time, we know that reactivation of telomerase activity occurs with the subsequent synthe sis of chromosomes' telomere regions and regulation of epigenetic profile in subtelomere genome regions during reprogramming of somatic cells to a pluripo tent state [5, 8] . Some scientists directly associate telomerase reactivation and acquisition of immortal ized status with efficacy of human somatic cell repro gramming [9] [10] [11] . It is also known that induction of telomerase activity stimulates cellular proliferation, which is additional positive factor for reprogramming.
The aim of this study is development of a modified technique of human somatic cell reprogramming (using human skin fibroblasts of adults) based on pre liminary induction of telomerase activity in repro gramming cells with subsequent introduction of pluri potency genes. We believe that this method will allow us to exclude use of c Myc oncogene in reprogram ming genes set and probably will increase efficacy of reprogramming. 
Induction of Telomerase

MATERIALS AND METHODS
Isolation and Cultivation of Postnatal Human Skin Fibroblasts (HSF)
Fibroblasts were isolated from biopsy of adult human skin using mechanical disaggregation and enzymatic treatment with 0.1% collagenase type I (Worthington, United States) with subsequent wash ing and centrifugation. Cells were cultivated in medium DMEM (Paneco, Russia) containing 10% fetal bovine serum (FBS) (Hyclone, United States) in standard cultivation conditions (5% CO 2 , 37°C). Cell cultures were passaged according to the standard tech nique using Versene solution (Paneco, Russia) and Trypsin EDTA (PAA, Austria).
Immunocytochemical Staining
Cells were grown on plastic surface in 4 well or 24 well plates (Costar, United States) in full growth medium. Cells were fixed with 4% formaldehyde in PBS (Paneco, Russia) for 30 min at room tempera ture, and were twice washed with PBS. Before staining with antibodies, cells were treated with blocking solu tion (BS) (PBS+10% FBS+0.1% Triton X 100) for 1 h. First antibodies were added in the dilution 1/50-1/100 in BS and were incubated for 2 h at 37°C. Then cells were washed three times with PBS and second antibodies were added in dilution 1/500 in BS. Cells were incubated for 1 h at 37°C and then were washed with PBS three times. After that specimen with cells were stained with DAPI solution (1.5 µg/mL in PBS, Sigma, United States) for 15 min, were washed with PBS and were mounted into 100% glycerin. Speci mens were monitored and pictured using inverted flu orescence microscope Olympus CKX41 (Olympus, United States). For ICH characteristic of studied cell cultures monoclonal mouse and polyclonal rabbit antibodies against Oct4 (Chemicon, United States), Sox2 (Invitrogen, United States), Nanog (Abcam, United States), Anti mouse Alexa 546 (Invitrogen, United States), and Anti rabbit Alexa 546 (Invitrogen, United States) were used.
Determination of Gene Expression by RT PCR
To isolate total RNA from cells, Invisorb ® Spin Cell RNA Mini Kit (Invitek, Germany) was used accord ing to the protocol proposed by the manufacturer. Concentration measuring of isolated total RNA and normalization was conducted by cuvette spectropho tometer BioPhotometer (Eppendorf, Germany). Reverse mRNA transcription was conducted using kit for synthesis of first cDNA chain Oligo(dT)15 (Silex, Russia) according to the protocol proposed by manu facturer. Collected cDNA solution was aliquoted and stored at -70°C. For PCR of studied genes, Screen Mix HS kit of final mixture for PCR (Evrogen, Russia) was used. Gene expression was analyzed by gel electrophoresis in 1% agarose gel and by the BIO RAD TM XR system of gel documentation (BIO RAD, United States). To analyze gene expression in studied cell cultures, primers presented in Table 1 were used.
Lentiviral Constructions
A gene of human telomerase hTERT catalytic component was cloned into vector SIN MU3 IR G SW under promoter Pmscv with ampicillin bacterial resistance. In this construction, gene hTERT is fused with reporter gene of green fluorescent protein EGFP through region IRES, which allows us to get expres sion of both proteins from one promoter. Molecular synthesis of lentiviral construction plasmids with genes Oct4, Sox2, and Nanog was offered in Evrogen (Russia). Genes Oct4, Sox2, and Nanog were cloned into standard vector pLVT supplied by this company under EF1 short promoter with ampicillin bacterial resistance. Vector plasmids were elongated and isolated using competent cells E Coli (Evrogen, Russia) and QIAGEN Plasmid Mini Kit for isolation and purifica tion of plasmid DNA (Qiagen, Germany) according to protocols proposed by manufacturers. Lentiviral constructions were packed in cells 293T using kit for tranfection with plasmid DNA Lipofectamin 2000 (Invitrogen, United States) and kit for lentiviral parti cles package of third generation ViraPower TM Lentivi ral Expression Systems (Invitrogen, United States) according to protocols proposed by the manufactur ers. Collected viral stocks were aliquoted and stored frozen at -80°C.
Cell Transfection using Lentiviral Constructions
Twenty four hours before transfection, cells were added to wells of a 6 well plate, 10 4 cells per well. On the following day after growth medium removal, cells were washed with DMEM without serum, and viral concentrate diluted with full growth medium in the ration 1 : 1 laced with polybrene (Sigma, United States) in the final concentration 5 µg/mL was added. Then cells were incubated overnight, after which, on the following day cultural medium containing virus, was changed with full growth medium. Efficacy of len tiviral transfection was estimated by a parallel experi ment with transfection of lentiviral construction cod ing gene EGFP and conducting under the same parameters (number of viral copies per 1 cell). Per centage of tranfected cells was measured using a fluo rescent microscope 3 days later. At a number of viral copies equal to 5-10 per a cell, transfection efficacy was approximately 95%.
Measuring of Telomerase Activity
by the TRAP Method Telomerase activity was analyzed using TRAPEZE ® XL Telomerase Detection Kit for measuring of telom erase activity (Millipore, United States) according to the protocol proposed by the manufacturer. Results were monitored by standard electrophoresis in poly acrylamide gel and by the BIO RAD TM XR system of gel documentation (BIO RAD, United States).
RESULTS AND DISCUSSION
Biopsies from human adult skin were collected from two somatically health donors of different age. Two cultures of human skin fibroblasts were isolated; they were defined as PHF1 and PHF2, respectively. After isolation, cells were tested for absence of micro bial and viral contamination (Litex, Russia). During isolation of each culture, there were many defined cell growth centers identified. Phenotipically they were identical. Colonies were mixed and were cultivated as one primary cell culture without any cloning. Isolated cultures of postnatal human skin fibroblasts had homogenous nature after two passages, cells had pro nounced fibroblast like morphology, were well attached, and thrown flat to plastic surface of culture flasks (Fig. 1) .
PHF1 and PHF2 cells were transfected by lentiviral construction SIN hTERT EGFP; obtained telomer ized cultures were defined as PHF1 hTERT and PHF2 hTERT, respectively. Transfection efficacy was estimated by reporter gene EGFP fluorescence; in both cases, efficacy was approximately 75% (Fig. 1) . Isolated cultures were not sorted and cloned. Trans fected cells were morphologically equal to control ones, proliferation speed did not change.
Presence of gene hTERT product in transfected cells was analyzed by the method of telomerase activ ity measuring TRAP. Extract of telomerase positive tumor HeLa cells were used as positive control. Thermo inactivated extracts of studied cells (10 min at 80°C) were used as negative control. As a result of the test, strong and distinguished signal of TRAP reaction product was observed only in reactions with extract of telomerized cultures and in positive control. In all other cases, including extract of control cells, products of telomere repeat elongation were not observed.
For cell cultures reprogramming, a strategy of simultaneous transfection of all three reprogramming factors-Oct4, Sox2, and Nanog-was used. Both intact cell cultures and fibroblasts cultures with induced telomerase activity were transfected. Isolated cultures were defined as PHF1 OSN, PHF2 OSN and PHF1 hT OSN, PHF2 hT OSN, respectively. Then isolated transfected cultures were cultivated on standard full growth medium for fibroblasts, which was changed every 2 days. Isolated cultures were not sorted or cloned.
Six days after transfection, the first changes in transfected cells were observed; formation of cell col onies growth centers differed by morphology from fibroblasts (morphology of epithelial type) (Fig. 2) . Besides morphology, these reprogrammed cells also differed by increased proliferation and absence of such property as contact inhibition; in centers of such col onies, cells formed three dimensional structures. We observed significant differences in yield of reprogrammed cells among cultures PHF1 OSN, PHF2 OSN and PHF1 hT OSN, PHF2 hT OSN. In wells with intact cells, approximately 3-5 growth centers were observed, while about 17-25 were observed in telom erized cultures (Table 2) . Moreover, colonies of repro grammed telomerized cells differed from similar intact INDUCTION OF TELOMERASE ACTIVITY INCREASE REPROGRAMMING EFFICIENCY 9 ones by significantly faster proliferation and indica tion to formation of closed monolayer (Fig. 2) .
On the tenth day of cultivation after the beginning of the experiment, a tight monolayer containing both initial cells with fibroblast like morphology and repro grammed cells was formed in wells. Cells from one well were added to two Petri dishes 10 sm in diameter with a feeder layer from inactivated MEF in medium for fibroblasts. On the following day, after cells were attached and thrown flat, the medium for fibroblasts The most interesting clones for study were isolated mechanically 24 days after the beginning of the exper iment. Clones were transformed into suspension by Trypsin EDTA solution and were transferred into wells of a 24 well plate applied with matrigel (BD Bio sciences, United States) for further analysis. Immuno cytochemical staining of reprogrammed cells showed the presence of applied genes Oct4, Sox2, and Nanog expression (Fig. 3) . We also studied gene expression in reprogrammed cells of culture PHF1 hT OSN using the RT PCR method (Fig. 4) . During the study, we monitored expression of genes Oct4, Sox2, Rex1, Nanog as well as of gene markers of neural differenti ation Nestin and GFAP. mRNA isolated from culture of human ESC was used as positive control, mRNA isolated from culture of nonreprogrammed telomer ized cells PHF1 hT OSN was used as negative con trol. It was found that genes Oct4, Sox2, Nanog, Nes tin, GFAP are expressed in reprogrammed cells at the level compared with positive control. Surprising was the presence of gene Rex1 expression in all three compared cultures, including telomerized cells PHF1 hT OSN.
Therefore, we obtained data supporting the fact that telomerase activity induction not only does not inhibit reprogramming of human skin fibroblasts by transfection of pluripotence genes Oct4, Sox2, and Nanog but can even facilitate this process. Use of cells with active telomerase allowed for us to exclude c Myc oncogene from the set of reprogramming genes. Effi cacy of reprogramming for intact cells PHF1 and PHF2 under our conditions was low and was equal to approximately 0.03-0.05%, which correlates with data from literature stating that fibroblasts isolated from adult human skin have relative low ability for IPS cell generation compared with embryonic and neona tal fibroblasts [12, 13] . At the same time, efficacy of 
